The pathophysiology of paroxysmal A-V block (PAVB) 
several clinical examples of paroxysmal A-V block following acute myocardial infarction are reported that provide correlative evidence for the experimental observations.
Experimental Observations -Materials and Methods
Forty-five adult mongrel dogs weighing [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] kg were anesthetized with intravenous sodium pentobarbital (30 mg/kg). The animals were intubated and placed on a mechanical respirator. Blood pressure in the femoral artery was monitored through a polyethylene catheter connected to a Statham transducer. A thoracotomy incision was made through the fourth left intercostal space. The bifurcation of the left coronary artery was exposed by retracting the tip of the left atrial appendage and incising the epicardium overlying the proximal portions of the anterior descending and left circumflex arteries. The anterior septal artery was exposed by blunt dissection of the bifurcation and branches of the left coronary artery and a silk ligature was placed around the vessel to be occluded after control records were taken.
To record from the specialized ventricular conducting tissue, electrode catheters (5 French, bipolar rings 1 cm apart) were inserted into peripheral arteries and veins,2 3 into the left or right common carotid artery to the aortic root for recording His bundle activation; into the left femoral arterv to the left ventricle in order to record from the left bundle branch and into both right and left femoral veins to the right ventricle in order to record the potentials from the His bundle and the right bundle branch. In one half of the experiments, after placing the ligature around the anterior septal artery, the left thoracotomy was closed and the animal turned in order to expose the heart through a right thoracotomy. One or more pairs of plunge wire electrodes (0.003 inches in diameter) were placed in the His bundle4 to record His bundle activation from proximal and distal portions. 5 In addition to the electrograms, two or more standard electrocardiographic leads were recorded, specifically leads II and aVR. In order to validate each of the catheter electrode recordings, pacing at various intensities, i.e., just above threshold and two to three times threshold was performed at various rates from each of the bipolar electrodes. In experiments that developed an intra-His bundle lesion with the His bundle potential split into txvo deflections (Hi and H2), validation of both His deflections was carried out as previously reported. 5 Atrial pacing was obtained via a bipolar plunge wire electrode inserted in the left atrial appendage. Pacing was performed with a Grass S88 stimulator and stimulus isolation unit SIU5. Vagal-induced slowing or cardiac arrest was accomplished by delivery of 0.05 msec square wave pulse of 1 to 10 volts intensity at a frequency of 20 Hz through silver electrodes inserted into the left or right cervical vagosympathetic trunk. 6 All records were obtained on a multichannel oscilloscopic photographic recorder ( figure 1 .
In 18 experiments, including six in which spontaneous paroxysmal A-V block was observed, the block could be induced by pacing the atria at a critical rate higher than the sinus rate. This was always possible shortly after second degree A-V block was observed. This is illustrated in figures 3 and 4. Figure 3 , panels A to C, shows the evolution of an intra-His bundle block. Note gradual fractionation of the His bundle potential associated with an increase in its duration as well as prolongation of the H-V interval 45 Recordings ., A characteristic finding in induced paroxysmal A-V block was that A-V conduction was consistently blocked at a critical Hr-H, cycle length. On the other hand, A-V conduction immediately resumed once a longer H1-H1 cycle occurred. Lengthening of this cycle length could be produced either by slowing the pacing rate or terminating atrial pacing or by increasing the pacing rate to the rate at which physiological A-V nodal conduction block, and thus a longer H1-H, interval, occurred. This is shown in figure 5 obtained 90 min following ligation of the anterior septal artery and shortly after second degree intra-His bundle block was observed. Panels A to C represent portions of a continuous record, with only a few beats of complete heart block omitted. Atrial pacing started at PI, with gradual increase of the atrial rate. Gradual shortening of the atrial cycles first resulted in 2:1 intra-His bundle block with a few msec increment of the H1-H2 intervals of conducted beats. During spontaneous paroxysmal A-V block the delayed occurrence of a slow escape rhythm was observed. However, conduction usually resumed within one to a few minutes. In induced paroxysmal A-V block on the other hand, the block remained so long as the critical rate of rapid atrial pacing is main- tained. A slow, first irregular, later fairly regular escape rhythm developed. This is shown in figure 6 whichhwas obtained from the same experiment in figure 5 . The paced atrial rhythm was maintained at a rate slightly higher than the critical rate for paroxys- Recordings obtained from the same experiment shown in figure 5 (table 2) . As a rule paroxysmal A-V block could be induced relatively early in the experiment during the early stages of second degree A-V block. Later in the experiment either a persistent complete A-V block developed or A-V conduction showed improvement. In the latter situation, atrial pacing usually failed to induce paroxysmal A-V block but frequently resulted in high grade A-V block. Some cases showed evidence that the rapid atrial rate necessary to induce paroxysmal A-V block could not be achieved due to the interference of physiological A-V nodal refractoriness. This is shown in figure 7 which was obtained from the same experiment in figures 5 and 6, three and a half hours after ligation. figure 7 reveals that the H1-H2 interval of conducted beats in panel A is significantly longer (50 msec) compared to the H1-H2 interval of conducted beats in panel B, 30 msec, both during rapid atrial pacing (first part of panel B) and normal sinus rhythm (the last part of panel B). This occurred in spite of the fact that the higher grade intra-His bundle block in panel A resulted at a relatively longer R-R interval. This observation strongly suggests that concealed intra-His bundle conduction is present in panel A due to the shorter H1-H, cycle lengths. The observation may also suggest that paroxysmal intra-His bundle block observed earlier in the experiment may have been due to a higher degree of repetitive concealed conduction in the diseased His bundle. On the other hand, the failure to induce paroxysmal A-V block later in the experiment is probably related to the fact that the critical atrial rate necessary to produce the arrhythmia could not be achieved due to interference of physiological A-V nodal refractoriness.
Clinical Observations
Five clinical cases of paroxysmal A-V block after acute myocardial infarction were analyzed (table 3) . The diagnosis of acute myocardial infarction was .. 4) .. tracings recorded from case 1. This patient differed from the rest of the group in having a history of transient episodes of dizziness several months before the last observation. Constant ECG monitoring during the last admission correlated these episodes with the abrupt onset of ventricular asystole and complete A-V block. The top tracing in figure 8 illustrates the patient's standard electrocardiogram taken during the last admission. The record shows an old antero-septal myocardial infarction that was present in the patient's previous records together with recently developed ST-T abnormalities in infero-lateral surface leads. Figure  8 , strip A, shows 1:1 A-V conduction at an average sinus rate of 87 beats per min and a P-R interval of 0.18 sec. Figure 8 , strip B. shows a faster sinus rate of 102-108 beats per min and the sudden failure of A-V conduction without an appreciable change in the sinus rate or the P-R interval (Mobitz type II block). One-to-one A-V conduction was only resumed when the sinus rate fell below 100 beats/min. However, analysis of several episodes showed that there were occasional time intervals lasting seconds up to 2 min during which complete A-V block persisted in spite of the fact that the atrial rate decreased below the rate which induced the paroxysmal A-V block.
In three patients (cases 3 to 5), paroxysmal A-V block occurred when acceleration of the atrial rate was induced by drugs. In cases 3 and 4, increase of the atrial rate was secondary to isoprenaline infusion that was started for correction of hypotension associated with sinus bradyeardia in case 3 and with 2:1 A-V block in case 4. In case 5, the increase in atrial rate was secondary to an atropine sulfate injection given for sinus bradyeardia associated with ventricular ectopic beats. In all three cases, when the atrial rate increased above 110-130 beats/min, a high grade A-V block developed that was abruptly followed by paroxysmal A-V block. The electrocardiograms reproduced in figure 9 show representative tracings from case 3. The top tracing in figure 9 illustrates the patient standard electrocardiogram taken on admission. The record reveals an acute anterior myocardial infaretion with right bundle branch block and left axis deviation. Figure 9 , strip A, illustrates the patient's cardiac rhythm on admission and shows sinus bradyeardia with an average rate of 48 beats/min. Because of the slow sinus rate associated with a low blood pressure, isoprenaline infusion was initiated. Figure 9 , strip B, was obtained shortly after the start of infusion and shows an increase of the sinus rate to 95 beats/min with 1:1 A-V conduction continuing. Further increase in the atrial rate was associated with a sudden development of 2:1 A-V block that rapidly changed to a high grade A-V block and terminated in a paroxysmal A-V block. This is illustrated in figure 9 , strip C, which shows a regular 6:1 A-V block that changed to a 7:1 block followed immediately by ventricular asystole for several seconds before an irregular escape beating occurred (not shown in the figure) . An interesting observation was the significant lengthening of the P-R interval of conducted beats during the high grade A-V block with very slow ventricular rate (0.26 see) compared to a P-R interval of 0.16 sec in figure 9 , strip B, at a much higher ventricular rate. This observation is comparable to the experimental observation in figure 7 and similarly suggests the occurrence of concealed conduction in the A-V pathway at the high atrial rate. It also suggests that the ventricular asystole that later followed may represent a high degree of repetitive concealed conduction in the A-V pathway. In the presence of an intraventricular conduction abnormality in the present case, it is possible that concealed conduction is occurring in the His-Purkinje system rather than in the A-V node.
Discussion
The experimental observations in the present report illustrate the close association between the early stages of second degree A-V block and the occurrence of paroxysmal A-V block. They also illustrate that both paroxysmal A-V block occurring abruptly during sinus rhythm and that induced by rapid atrial pacing are tachycardia-dependent, meaning that the A-V block occurred at "higher" rather than only at "high" rates. The fact that paroxysmal A-V block was observed only after second degree A-V block has developed, together with the observation that a period of Wenckebach periodicity superimposed upon a 2:1 A-V block usually preceded the onset of paroxysmal A-V block, provides an insight into the possible electrophysiological disturbance underlying the arrhythmia. Recent sistent failure of conduction. Thus both the experimental observations in this report and the recent in vitro studies" strongly suggest that paroxysmal A-V block following acute myocardial ischemia is due to a tachycardia-dependent, repetitive, concealed conduction at the site of lesion in the ischemic His-Purkinje system, mainly in the His bundle.
Repetitive concealed conduction has been suggested as the mechanism of prolonged ventricular asystole in cases of second degree A-V block."2 13 There is evidence to suggest that the greater the degree of pathophysiological disturbance, the more chance for paroxysmal A-V block to occur at a relatively slower atrial rate. It is thus possible that in some clinical examples of Stokes-Adams syndrome with a "labile" A-V conduction state, some variation in the degree of the electrophysiological disturbance in the A-V conduction system may be brought about by such factors as slight changes in the coronary perfusion and/or the level of circulating catecholamine. The latter may act through greater decrement of conduction in already depressed Purkinje fibers.42 These factors -rather than a change in the heart ratemay explain the episodes of paroxysmal A-V block that may develop abruptly during normal sinus rhythm while at other times conduction may be sustained during a relatively higher atrial rate.
It is important to comment, however, on the fact that most clinical examples with chronic "stable" lesions in the His-Purkinje system respond to rapid atrial pacing by either A-V nodal block, 2:1 or a higher degree of block in the His-Purkinje system, but not by paroxysmal A-V block.43,'4One explanation is to assume that chronic stable lesions in the His-Purkinje system do not carry the propensity for repetitive con-cealed conduction necessary for paroxysmal block. Our 
